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INTRODUCTION & BACKGROUND
Sustainable manufacturing as defined by Department of Commerce (DoC) is "The creation of manufactured products that use processes that are non-polluting, conserve energy and natural resources, and are economically sound and safe for employees, communities, and consumers". Sustainable manufacturing encompasses sustainability of renewable energy, energy efficiency, green buildings, and other green & social equity-related products. These include not only taking into account the issues related to product design and production process but also the full sustainability of entire product life cycles.
According to a recent research report 1 , critical resources (non-renewable resource, raw material, water)
for manufacturing are gradually depleting. It also mentions that, several large scale industries are currently coming up with many efforts geared towards social and environmental consideration on sustainability issues. This indicates that, manufacturing organizations should consider the sustainability of products and their life cycles to be at par in terms of eco-friendly production.
Stressing upon this importance, the DoC 3 established a Sustainable Manufacturing Initiative (SMI) that aims in providing resources such as training, consulting, decision making, and financing to help organizations implement sustainable business practices that enable for increasing energy efficiency, reducing waste and pollution along with help them better manage resource and material inputs. Moreover, the Organization for Economic Co-operation and Development (OECD) 2 developed a Sustainable Manufacturing (SM) metrics toolkit for organizations to help measure and improve the environmental performance of manufacturing facilities and products aimed at high sustainability.
This increased global interest and awareness of sustainable and green manufacturing in industries presents a need for engineering education and student curricula geared toward sustainable and green manufacturing practices.
LG recently invested $18 billion in sustainability-focused research and development and plans to reduce overall emissions from operations by 40% relative to 2009 by 2020. IBM, Diageo, and Sony Corporation are also investing money, meaning that these market forces have spurred growth opportunities for manufacturers and enhanced ability to create new jobs in local communities 4 . It is also mentioned that there is a skill shortage of engineers and technicians with knowledge in the sustainable manufacturing field 4 . Based on the needs for increased skills in sustainable manufacturing and green technologies, this paper presents a model educational approach taken at Industrial, Manufacturing and Systems Engineering (IMSE) dept. at The University of Texas at El Paso (UTEP) as a part of their initiative towards increasing student technical readiness levels in the field of Sustainable and Green manufacturing.
TECHNICAL AND LEADERSHIP WORKSHOP SERIES
A series of technical and leadership workshops and seminars have been implemented to cultivate skills and knowledges of minority engineering students by exposing the sustainable and green manufacturing technologies. These workshops and seminars were initiated and developed as a part of Annual 2015 Industrial, Manufacturing, and Systems Engineering (IMSE) Day held on campus at UTEP. "The theme, "Industry 4.0" implies," the ongoing and future development of sustainable and green manufacturing and the challenges in this field to create opportunities for innovation. The poster illustrated in figure 1 was designed for students to promote and encourage attendance of this annual event. On the first day of event, a technical seminar was held to address key issues currently debated and discussed at a broad perspective in organizations and also in defense. Four seminars were conducted related to energy issues in defense, energy efficiency in buildings, and in engineering leadership related issues. The planned workshops held on the second day of event were coordinated to address important issues and topics relevant to sustainable manufacturing education and required leadership skills among the minority engineering students preparing for the Industry 4.0 workforce and leaders. These workshops were composed of four sustainable manufacturing related topics and one technical leadership related topic. During the workshops, there were pre-and post-quizzes (see Appendix B) and practices (as shown in Fig.  2(b) ) given to students to help reviewing presented knowledges and assess participant's understanding of variety of topics presented. Also open-ended discussions (as shown in Fig. 2(a) ) were given at the end of each session. The details of these workshops are given below.
Workshop -1
Title: The Application of Agent Based Simulation for Green Buildings.
Presenter: Professor of Industrial Engineering Program, at XXX University.
Workshop Abstract: This workshop first introduces some fundamentals of simulation and agent based simulation. Next, using green building as a use case, we will discuss some key components/sub-systems within a building and demonstrate the use of Netlogo ® , an agent based simulation package for modeling. Some agents of interests in this workshop are: the energy generation, smart grid, battery, ice storage, etc. Participants will download Netlogo software and the test-case setup, modify the simulation model and parameters for the building system. It is expected that the participants will gain basic knowledge about agent based simulation and its applications in green energy industry.
Workshop -2
Title: Purpose-Process-People: The Cornerstones to Creating and Sustaining a Lean Enterprise.
Presenter: Lean Coach and Field Engineer of the Texas Manufacturing Assistant Center at UTEP.
Workshop Abstract: This presentation is designed to guide the participants through the main steps in creating a Lean Enterprise and to provide a clear overview of how a Lean Management System sustains the journey. The cornerstone to a sustainable Lean Enterprise has three main elements: Purpose-All functions, individuals and systems work to deliver true value under a shared purpose to create and preserve the competitiveness of an enterprise. Process-The establishment and maintenance of Standard Work produces stable processes which are the foundation for consistent delivery of sustainable results in providing an exceptional customer experience through safety, quality, delivery and morale. People-The heart of Lean is People, it is a people based system and the success of the implementation of a Lean System greatly depends on engagement of every member of the organization.
Workshop -3
Title: The Challenge and Opportunity to Test and Evaluation in a Dynamic Spectral Environment.
Presenter: Chief of the Networks and Control Division of the Systems Engineering Directorate at XXX.
Workshop Abstract: The test and evaluation (T&E) community relies on this spectrum to test military systems such as aircraft and missiles. These operations are conducted on a variety of Department of Defense (DoD) test ranges often spanning large geographical areas. Mission failure due to loss or interruption of communications which relies on spectrum could result in a serious security and safety incident. The challenge is then to maintain operational readiness while effectively mitigating risk. Metrics for the quantification of spectrum utilization efficiency and spectrum sharing must be derived. Research and development of technologies to manage spectrum sharing, mitigate potential interference should also be explored. These topics form the basis of an opportunity towards the realization of a dynamic test enterprise and the basis of this discussion.
Workshop -4
Title: High-Impact Leadership Development and Implementation for the 21 st Century.
Presenter: Professor of Teacher Education at UTEP.
Workshop Abstract: Few things are of more significance to an organization's overall success and impact than the development of leadership. Organizations that want to distinguish themselves and flourish in today's unbridled business, political, and social climate will serve them well to pay close attention to the development of its future leaders. Today's competitive worldwide market and work atmosphere demand that engineers possess leadership skills and dispositions in addition to mathematical, methodological and technical skills. They must have a clear understanding of project goals and have the ability to accomplish them successfully. In order to meet the demands of this changing world, most engineering programs are confronted with innumerable of barriers and challenges to generate groundbreaking and/or state of the art ways for instructional effectiveness so their graduates become fully prepared to take on the many challenges twenty-first century engineers face. This presentation provides an overview and summary of leadership competencies that have been produced over the last several decades and its relationship to engineering education. Some suggestions and small group discussions may be will be presented and discussed.
Workshop -5
Title: Lean and Green Manufacturing: Energy Management.
Presenter: Associate Professors of Department of Engineering Technology, at Drexel University.
Workshop Abstract: Green energy manufacturing emphasizes innovations in enabling sustainable design for fusing clean energy, green science, and manufacturing. The United States of America is on the cusp of transformational changes in how energy is produced and used. Energy management programs are vitally needed today. Our focus in this workshop is energy management in manufacturing and industry. The energy management topic is aimed at improving the students' knowledge and understanding of the principle involved in designing and operating continuous processes at optimum efficiency. The primary focus is on process equipment and utilities, with an emphasis on overall systems. The workshop is designed to provide students with a firm grounding in the principles of energy management and realworld energy efficiency improvements on general systems. Our energy management training materials are designed for various groups and interest including: 1. Overview of energy management systems, 2. Improving energy efficiency and reducing energy use, thereby reducing costs, 3. Reducing greenhouse gas emissions and improving air quality, 4. Developing and maintaining effective monitoring, reporting, and management strategies for wise energy usage, 5. Developing interest in and dedication to the energy management program from all employees, and 6. Case studies of energy management systems. From a detailed examination of manufacturing processes to the power consumption of individual components, potential for savings can be evaluated and measures can be defined for the efficient use of energy.
Evaluation Method for Workshop/Seminar Series:
Participants: The targeted program participants were undergraduate and graduate master's students at various stages of different programs with major emphasis on upperclassman.
Research Design: The design used to address the research questions was a cross-sectional design which allows gathering individual's perceptions and opinions about fundamental aspects of a program, issue, or intervention. This type of design is very effective since it provides a quick "snapshot" of current behaviors, attitudes, and beliefs in a particular population.
Instruments: As a means of assessing the quality of the individual presentations, an evaluation scale was developed. It consisted of key demographic items about the participating students and 15 separate items addressing the particular quality and degree of perceived effectiveness and usefulness aspects of the nine conference's invited presentations (see Appendix A). Also, from all five workshop's presentations, five content-based quizzes were developed and administered for the five professional development activities. These knowledge-based performance tests were developed for each workshop presentation addressing the key concepts delivered by the presenters. A pre-test and a post-test research design were implemented to assess the amount of information acquired by the workshops' participants. Factorial composition of the presentation evaluation scale indicated that two latent but important components were functioning across the 15-item scale. One factor composed of 8 items describing various aspects of the presenter's effectiveness in presenting the material and engaging the participants emerged and a total overall average was computed. The second factor emerged with 4 distinct items describing various degree of alignment to the goals and objectives of the sustainable manufacturing by the nine different presenters. The total scale (12-item) and the two extracted subscales yielded high levels of internal consistency (Cronbach's alpha). Overall averages from factor scores on these constructs were developed to ascertain overall quality of presentation, overall effectiveness of presenters, and overall adherence of presentation to sustainable manufacturing's goals.
Data Analysis: Descriptive and inferential statistics were performed to examine both the quality and degree of effectiveness for the seminar and workshop presentations and the assessment of conference participants' new levels of acquired knowledge derived from the workshops presentations. Means, standard deviations and percentages were used across the various scales' totals and subtotals.
The following section presents initially the findings obtained on how the participants rated the quality of the nine different invited presentations. The section includes the results gathered from the participants' gain levels on this year's five professional development workshop presentations' conceptual content and skills.
Evaluation Results and Discussion

Overall Quality of Workshop and Seminar Presentations
A total 397 valid responses were obtained from all five professional workshop and four seminar presentations with the majority of these demonstrations receiving at least 21 participants' evaluation ratings and with the most attended presentation receiving 78 students' rating. Table 1 provides a more detail description of the participants rating breakdown across all of the activities. Most of the professional workshops did not yield high number of attendees but none with less than 20 evaluation ratings recorded regarding the overall quality of the workshop presentation. High percentages of attendance close to 63.5 percent of these total student ratings were attributed to the seminar presentations held on the first day and in the morning sessions. This large participant rating may indicate that these presentation sessions focus more on the assimilation of new concepts and ideas on sustainable manufacturing engineering.
Almost 50 percent of the presentation ratings were derived from the male cohort of students and large majority (56%) was derived from the undergraduate students while 15 percent of the ratings were obtained from someone who was doing post-graduate work. Overall, more than half of participants (54%) rated all the presentation indicated as belonging to the Industrial Engineering programs while Science Education program (9%), Computer Engineering (6%), Electrical Engineering (4%), and Mechanical Engineering (2.5%) program. 
Percentage Allocation by Individual Item
To analyze the perceived level of quality of across all of the presentation workshops, Table 2 presents the percentages for each evaluation item in the scale. These finding allows for the examination of how all participants perceived the quality and efficiency of the presentations and workshops' quality and efficiency. It was clearly observed that for almost all the evaluative items, the participants rated the both the seminars and workshop presentations as either "very good", or "excellent". Item # 12 appears not to be a relevant item on the overall assessment of the presentation's quality or effectiveness. About 12 percent indicated that use of handouts was not applicable for the session. Similar high percentage of "not applicable" option was observed in item #13 which dealt with the issue of presentation being aligned with the SM's goals and objectives. Of most importance are the results observed for all these seminar and workshop presentation are the results observed on the scale's item # 14 and # 15, the participants' percentage ratings exceed more than 90% of them rated these presentations as well organized and very good in their overall quality. Some concerns were the issues of several items being perceived as not applicable or not relevant to the goals and objectives of this conference. The examination of the evaluation scale values using overall means and standard deviation scores showed that participants' rated these fifteen scale statements are "very good" and "excellent" with very stable levels of variability. The lowest average was recorded by item #13 presentation being met some of the SM's program goals and objectives, on the other hand, items #1 and #8 were rated the highest. It turns out that quality and effectiveness of presentations are determined by program related objective and presenter's background knowledge on the topic, see Table 3 . 
Overall level of adherence to Sustainable Manufacturing's goals in all presentations
To examine the participants' perceptions as to how closely aligned or relevant to the sustainable Manufacturing goals, a breakdown across individual seminars and workshops was performed and Table 4 reports on these mean differences among them by reporting number of ratings received means, standard deviations and standard errors. Not one of the seminar and workshop presentations received a low average overall rating with workshop #4 receiving the lowest but very good ratings. However, the overall averages for almost all of the presentations were not as high as the previous variable on effectiveness. This was expected given that several presenters were not specifically given instructions to adhere to the goals and objectives of the sustainable manufacturing's grant project to their selected presentations. For example, workshop # 5 presentation focused primarily on leadership concepts and how leadership can be developed. Similarly for workshop #1 presentation emphasized mostly key aspects of agent-based simulation applications. All in all, most presentations received moderate to high ratings and there is a need to re-formulate these set of items for this subscale and its relevancy to the conference general goals in a way that these focus more on the quality issues. 
Quality of overall presentations
To further determine if there were differences between and among the nine conference presentations, a breakdown across individual presenters was performed and Table 5 reports on these mean differences among them by reporting descriptive statistics including the respective standard errors due to different sample sizes. Examination of these values indicated that most all presentations received high ratings values by with only two presentations showing a bit lower ratings than the rest but very good standing indicating "very good" to "excellent" score averages. Figure 3 illustrates these descriptive statistics results graphically. 
Summary of Quality of All Workshop and Seminars Presentations
As clearly observed from the more than 390 participants' ratings surveys completed, an overwhelming majority of the participants appeared to have rated all nine presentation with high ratings as well as positive levels of perceived gained on knowledge content of the presented topics.
Selected Evaluation Items on Quality of Individual Workshop
In efforts to determine the degree of new learning or knowledge acquired by the participants, individual statistical analyses were performed for each workshop presentation. The use of baseline (pretest) data before the presentation is compared to data gathered after each presentation workshop (posttest).
Workshop # 1 Findings (Development of Agent-Based Simulation for Building Systems)
The participants in this workshop learned about the fundamentals of agent-based simulation and building energy systems by attempting various simulation models for the green building system. This presentation was well received by the participants and received one the highest scores in terms of overall perception of presentation quality subscale score (M = 4.09, SD = 0.67) in meeting the varied criteria for any presentation workshop in the conference. Additionally, the students were exposed to a new set of computer simulation and green energy building concepts through a practical approach using computer software for several simulation exercises. A few selected evaluation items on the quality of the presentation indicated that this workshop session was well organized (M = 4.14, SD = 0.83) and the overall rating for this session was very good (M = 4.41, SD = 0.62). Of interest, the respondents evaluated this presenter a bit low (M = 3.93, SD = 1.11) on the issue of such workshop presentation having effectively addressed the conference goals and objectives. Table 6 provides a general description of the selected 5 items and subscale totals describe the participant's rating on the presenters' ability to deliver the content of their presentations well. The participants' (n =23) performance on the pre-test knowledge test yielded an average score of 57 while the average score for the post-test performance was 62 in a scale of 1 to 100. The comparison between pre-and post-test performances was found to be non-statistically significant between the baseline data points and the posttest administration [t(13) = -0.69, p > 0.05]. The participating students who chose to complete the posttest exam appear not to have been able to make the appropriate connections between the content of the presentation and the exam items. The workshop participants were given the opportunity to interact with the presenter by asking questions as the presentation was being delivered. This presentation was well received by the participants (n = 23) and received one of the highest scores in terms of overall quality (M = 4.60, SD = 0.54) in meeting the varied criteria for any presentation workshop in the conference. Again, the students were exposed to a large number of new concepts that allowed them not only acquire new concepts about a lean enterprise but a new set of skills in this area of industrial engineering and systems. A few number of selected evaluation scale items and subscale score total on the quality of this presentation indicated that this workshop session was well organized (M = 4.74, SD = 0.45) and the overall rating for this session was excellent (M = 4.74, SD = 0.54). The total number of valid respondents (n = 23) demonstrated that the participants perceived as having learned a new set of skills in this area. The respondents also indicated that the presenter did a very good job on addressing the Sustainable Manufacturing program's goals and objectives and communicated the concepts very efficiently. Finally, the participants felt that the overall level of effectiveness found in this particular presentation was very good to excellent. Table 7 provides a general description of the selected 5 items and subscale scores which describe the participant's ratings on his ability to deliver the content of their presentation in a very skilled or competent way.
The participants' performance on the pre-and post-test knowledge exam on the topic of green lean manufacturing was found to be not statistically significant between the baseline data points and the post-test administration [t(7) =0.0, p > .10]. The mean difference from baseline (M = 4.38, SD = 1.06) to after (M = 4.38, SD = 1.30) the presentation was a mean difference of zero gain points, on average. In this particular workshop session, the students who chose to complete the post-test exam were able to make little to no gains in appropriate links between the content of this presentation and the test items. This result is somewhat justified due to such a small sample of participates taking both the pre-and posttests. However, upon examination of these two evaluation events the pre-test descriptive statistics results yielded a mean of 4.47 (1.04) for 30 subjects who took the pretest while those 18 students who took the post-test, the results yielded a mean of 4.56 (1.54). These results shed a bit of the same type of results but at least these do show some small gains in knowledge acquisition. 
Workshop # 3 Findings (The Challenge and Opportunity to Test and Evaluation in a Dynamic Spectral Environment)
Participants were allowed to take a very active role with the presenter including asking questions during the delivery of the presentation. This workshop received one of the highest overall average for the presentation quality (M = 4.61, SD = 0.53) in meeting the various aspects of a well-delivered and relevant presentation. As observed in previous workshops, a few selected evaluation items on the quality of this presentation indicated that this workshop session was well organized (M = 4.74, SD = 0.53) and the overall rating for this session was excellent with a perfect score (M = 4.70, SD = 0.58). A total of 50 respondents indicated that they felt as having learned different set of concepts in this area of testing and evaluation of a dynamic spectral environment. Finally, the respondents also indicated that the presenter did a very good job in communicating the numerous concepts dealing with the selected topic. Table 8 provides a portrayal of the selected 5 items which describe the participant's rating on this presenters' ability to deliver the content of their presentations effectively.
Although participants had only a limited amount of time to acquire and discern the countless of concepts the presenter delivered as well as the time allotted for taking these quizzes, the results of the knowledge test (pre-and post-tests) were found statistically non-significant [t(6) =-0.75, p = 0.48]. For some odd reasons or factors, the mean differences for this workshop presentation was actually found to decrease slightly from pre-test to post-test (M = -0.43, SD = 1.51). One potential explanation for this obtained results lie on the obtained inter-correlation between these two testing periods which produced a Pearson product moment correlation coefficient of r = 0.48. This result indicated a low to moderate level of test-retest reliability between these testing conditions. All in all, the large amount of material presented and the diversity of group of students who participated during this workshop session appears to indicate that some of the concepts presented were captured well but also indicated the need to over-emphasize them in a more in-depth or structured curriculum-based format. Additionally, a review of the quiz measurement issues is also warranted. A large portion of the attendees to the presentation indicated having acquired new set of knowledge concepts and skills and this presentation received also very good to excellent scores in terms of overall quality (M = 4.70, SD = 0.45) in meeting the revised evaluation survey's quality criteria for any of the presentation workshop. As before, a few selected evaluation items on the quality of this presentation indicated that this workshop session was well organized (M = 4.71, SD = 0.56) and the overall rating for this session was very good (M = 4.41, SD = 0.69). There were 21 respondents indicating that they felt as having learned a new set of concept in this area of twenty-first century leadership competencies for engineers. The respondents also indicated that the presenter did a very good job in communicating the myriad of leadership competencies and theories while the respondents felt that the presentation did not quite addressed the Sustainable Manufacturing program's goals and objectives (M =3.83, SD = 1.73). Table 9 provides a general description of the selected 5 items and subscale total scores which describe the participant's rating on the presenters' ability to deliver the content of their presentations effectively. As in the previous workshops, the students were exposed to a large number of new concepts and ideas on the current theories on leadership and the multitude of competencies that are typically found in a good leader. Some of the general verbal comments obtained from the audience included aspects of opening the session to more interactive activities with the students and also to allow for more questions and answers sessions.
The participants' performance on the post-test knowledge test was found to be statistically nonsignificant between the baseline data points and the post-test administration [t(8) =0.56, p = .59]. The mean difference from zero was 3 points, on average. As in the previous workshop findings, the students who chose to complete the post-test exam were not been able to make the appropriate links between the content of this presentation and the post-test items. The test-retest reliability for this tests was surprisingly better than other tests (r =.76) but not as high as typically expected for this type of content knowledge assessment and its short span of time between testing situations. Most of these results may be linked to the small sample size that provided complete and valid results (n = 8). The descriptive statistics for those who took the pretest indicated that the participating student may have done more guessing of the responses to the items on this test. For the pretest the average was observed to be 2.78 (1.57) and the posttest average result was observed to yielded 3.00 (1.80) indicating very little gains in content knowledge acquisition. The overall respondent ratings obtained were in the range of "good" to "very good". The overall rating with the revised evaluation scale was close to a 4 or "very good" levels, (M = 4.13, SD = 0.82). As before, the students were exposed to a large number of new concepts and interactive approach on posing question throughout the presentation of new concepts. Again, a few selected evaluation items on the quality of the presentation indicated that this workshop session was satisfactorily organized with one of the highest scores observed (M = 4.04, SD = 1.04) and the overall rating for this session was adequately good to very good (M = 4.08, SD = 0.83). A total of 26 valid participant's ratings were received for this presentation. The respondents indicated also that the presenter did a good job on addressing the Sustainable Manufacturing's program's goals and objectives (M = 4.22, SD = 0.87) while respondents expressed in their ratings some level of satisfaction with the presenter's style for communicating the content. Table 10 provides a description of the selected 5 items and subscale scores which describe the participant's rating on the presenters' ability to deliver the content of their presentations well. A total of 28 different participants were in attendance and reported having taken either the pre-test (n = 21) or the post-test (n = 20). However, only 13 students manage to complete both quizzes for this presentation. As in previous workshop sessions, the participants had only a limited amount of time to acquire and apply the numerous new concepts. These participants provided valid data that produced results on the knowledge exam (pre-and post-tests) to be statistically non-significant [t(12) = 1.16, p = 0.27]. The mean difference for this workshop presentation was found to increase slightly from pre-test to post-test. Although, there were only 21 recorded data pieces between the pre-test and the post-test points, only 13 participants provided valid data for both test administrations. The overall gain scores for these participants in this workshop yielded a mean of less than one point with a standard deviation of 1.19 points. The overall correlation index for these test administration was r = 0. 85 which is considered very adequate even though the pretest and posttest were basically the same and administered within a very short span of time between test administrations may have produced some carry-over-effects.
CONCLUSION
The workshops and seminars held on the IMSE Day at UTEP indicate that the participants gained knowledge and skills related to the sustainable and green manufacturing. Approximately 78 different participants were able to provide their views and perceptions as to the quality of the workshop presentations with and overall total of 396 ratings received by this group of participants on all workshops and seminars. Of the 12 items from the evaluation rating scale, the majority of the evaluative criteria received "very good" to "excellent" ratings by the student participants with an overall organization and presentation effectiveness mean rating of 4.55 in a scale of 1 to 5 with high indicating an "Excellent" rating. Overall, the large amount of material presented and the different levels, majors, or groups who participated during the workshop session appeared to indicate that various important concepts presented were captured; however, there may be still a need for a more structured setting that allows students to the better acquire knowledge via workshops and seminars in future. Even though there was no statistical significance, the participants were able to produce more than 3 point gains between pre-test and post-test administrations. Based on the pre and post-tests conducted to assess student understanding, there is a need to improve the degree of relationship that exist between exam measures to make them more relevant to the concepts presented in their intent to assess students' level of concept acquisition.
